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Abstract
Background: Idiopathic Environmental Intolerance attributed to Electromagnetic Fields (IEI-EMF)
is a self-reported condition where non-specific symptoms are attributed to weak non-ionizing
electromagnetic fields. Despite its expanding prevalence, there is no generally accepted diagnostic
procedure or definition to identify patients with this condition, thus studies usually apply only one
question as inclusion criterion. The aim of our study was to demonstrate the heterogeneity of a
self-reported IEI-EMF group and to identify further self-report questions that could be applied as
inclusion criteria.
Method: Cross-sectional on-line survey study was carried out with 473 participants (76.3%
women; age: 35.03 ± 13.24 yrs). Self-diagnosed IEI-EMF (as assessed with a yes-or-no question),
frequency of EMF-related symptom and severity of the condition were assessed, as well as somatic
symptom distress (Patient Health Questionnaire Somatic Symptom Severity Scale, PHQ-15).
Results: 72 (15.2%) individuals labelled themselves as IEI-EMF, however only 61% of them
remained in the IEI-EMF group after the use of three inclusion criteria instead of one. 21% of the
individuals labelling themselves as IEI-EMF reported neither symptoms nor any negative impact on
their daily life.
Conclusion: A minimum of two questions appear to be necessary as inclusion criteria for IEI-EMF
in empirical research. Instead of the widely used yes-or-no question on accepting the IEI-EMF
label, occurrence of symptoms attributed to EMF on a regular basis and at least a slight negative
impact on daily life are required.
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electrohypersensitivity, symptoms, assessment, Idiopathic Environmental Intolerance Attributed to
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Highlights
• Electromagnetic hypersensitivity (IEI-EMF) is often assessed by one yes-or-no
self-report question.
• This practice is inappropriate from a conceptual and methodological point of
view.
• At least two questions, assessing frequency of symptoms and their impact, are
needed.
According to the definition of the World Health Organization, the term Idiopathic Envi‐
ronmental Intolerance attributed to Electromagnetic Fields (IEI-EMF; formerly electro‐
magnetic hypersensitivity) refers to “symptoms that are experienced in proximity to, or
during the use of, electrical equipment, and that result in varying degrees of discomfort or ill
health in the individual and that an individual attributes to activation of electrical equip‐
ment” (WHO, 2004, p. 2). Originally, IEI was defined along the following criteria: (1) an
acquired disorder with multiple recurrent symptoms (2) that could be associated with di‐
verse environmental factors tolerated by the majority of the population, and (3) cannot
be explained by any other known disorder (medical or psychological) (Lessof, 1997;
Staudenmayer, 2006).
Concerning IEI-EMF, however, some of the aforementioned criteria are unrealistic
and practically irrelevant. First (Criterion 1), why does one want and how can one distin‐
guish between acquired and inherited conditions in the modern era when the importance
of epigenetics and environment-gene interactions is well described, and empirical find‐
ings concerning genetic factors (e.g. gene polimorphisms) behind environmental illnesses
are accumulating (Berg et al., 2010; Caccamo et al., 2013; Cui et al., 2013; De Luca et al.,
2015, 2014; McKeown-Eyssen et al., 2004; Schnakenberg et al., 2007)? Moreover, what is
the difference between individuals with acquired and (partly) inherited IEI-EMF from a
therapeutic point of view? Second (Criterion 3), although it is well documented that IEI-
EMF is often accompanied by co-morbid psychiatric disorders (e.g. depression, anxiety
disorder) (Frick et al., 2005; Landgrebe et al., 2008; Meg Tseng, Lin, & Cheng, 2011;
Österberg, Persson, Karlson, Eek, & Ørbæk, 2007; Rubin, Cleare, & Wessely, 2008) partici‐
pants with such comorbid disorder(s) are usually excluded from the investigations
(Baliatsas, Van Kamp, Lebret, & Rubin, 2012a). This practice leads to excessive sample
loss, and, most importantly, sampling bias. Third, as in other areas of medicine, diagnoses
based on exclusionary definitions should be avoided. Finally, certain salient aspects of the
condition (most importantly, chronicity; M. Witthöft, personal communication) are not
included.
The prevalence of IEI-EMF shows a considerable variability (between 1.5-20%) (Eltiti
et al., 2007; Hillert, Berglind, Arnetz, & Bellander, 2002; Huang, Cheng, & Guo, 2018;
INFAS, 2006; Mohler et al., 2010; Schreier, Huss, & Röösli, 2006; Ulmer & Bruse, 2006).This
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variability could be partly explained by the lack of generally accepted medical diagnostic
procedure or definition. In fact, more than half of the empirical studies on IEI-EMF ap‐
plied only participants’ self-report about their EMF-hypersensitivity - often assessed us‐
ing a simple yes-or-no question - as inclusion criterion (Baliatsas et al., 2012b).
Because of the striking similarities between IEIs and medically unexplained symp‐
toms or functional somatic syndromes, many authors suggest that IEIs should be man‐
aged as a sub-category of somatoform disorders, where symptoms are attributed to a spe‐
cific environmental factor (Bailer, Witthöft, Paul, Bayerl, & Rist, 2005; Henningsen &
Priebe, 2003; Wiesmüller, Ebel, Hornberg, Kwan, & Friel, 2003). Keeping in mind that IEI-
EMF is officially often recognized as a functional impairment (Johansson, 2015), and that
the WHO definition considers the existence of symptoms and a negative impact on per‐
ceived health also essential to the condition, the use of further questions should be war‐
ranted from a theoretical point of view. In addition, an overly inclusive criterion can-hin‐
der not only the exploration of the aetiology and the treatment of IEI-EMF patients, but
also raises difficulties for the integration of results gained up to the present (Baliatsas et
al., 2012a).
The primary goal of the study reported here was the demonstration of heterogeneity
within the category of self-reported IEI-EMF. We also attempted to identify self-report
questions (items) that are necessary as inclusion criteria.
Method
Participants
A non-representative Hungarian community sample was used. Participants (N = 473;
76.3% women; age: 35.03 ± 13.24) were recruited through various groups in the social me‐
dia that are thematically not connected to environmental intolerances. The study was ap‐
proved by the research ethics board of the university. Participants received no reward for
their participation; all signed an on-line informed consent form before completing the
questionnaire on-line.
Questionnaires and Questions
The questions and the questionnaire were part of a larger study that investigated the
connection between environment and health.
Self-diagnosis of IEI-EMF (IEI-EMF) was assessed with a single yes-or-no question
(“Many people experience unpleasant symptoms (e.g. headache, nausea, concentration prob‐
lems, palpitation, etc.) when staying in the vicinity of electromagnetic fields (e.g. near elec‐
tric devices, computers, electric power lines, or during mobile phone calls). This phenomenon
is called electromagnetic hypersensitivity or electrosensitivity. Do you consider yourself to be
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electrosensitive?”) (Dömötör, Doering, & Köteles, 2016; Köteles et al., 2013; Szemerszky,
Gubányi, Árvai, Dömötör, & Köteles, 2015).
Severity of the condition (Impact) was assessed with the following question: “On the
whole to what extent do EMF-related symptoms affect your everyday life?” (0 = no impact at
all, 1 = some impact, 2 = medium impact, 3 = high impact) (Dömötör et al., 2016;
Dömötör, Szemerszky, & Köteles, 2019).
Frequency of EMF-related symptoms (Symptoms) was assessed with the following
question: “How often do you experience symptoms in the proximity of electric devices?”
(0 = never, 1 = it happened once, 2 = rarely, 3 = often, 4 = every time) (Dömötör et al.,
2019).
The existence of somatic symptoms, regardless of their origin and assumed cause,
were assessed with Patient Health Questionnaire Somatic Symptom Severity Scale
(PHQ-15) (Kroenke, Spitzer, & Williams, 2002) which measures the prevalence and severi‐
ty of 15 common symptoms in a 3-point Likert-scale from 0 (“not bothered at all”) to 2
(“bothered a lot”). Higher scores refer to higher prevalence of disturbing symptoms in the
past 4 weeks. Scores of 5, 10, and 15 represent cut-off points for low, medium and high
somatic symptom severity, respectively (Kroenke et al., 2002). In clinical practice, PHQ-15
is often used to measure somatization tendency. The Cronbach’s alpha coefficient of the
scale in the present study was 0.80.
Statistical Analysis
Statistical analysis was carried out with the SPSS v20 software. According to the results
of Shapiro-Wilk tests, PHQ-15 scores showed a significant deviation from normal distri‐
bution, thus non-parametric methods were used throughout the analysis. Groups with
and without IEI-EMF were compared using Mann-Whitney-U-tests and chi-square tests
(for gender ratio).
Results
Overall, 15.2% of the individuals (72 participants) labelled themselves as being hypersen‐
sitive to EMF (IEI-EMF item). Descriptive statistics and the results of group-level compari‐
sons are presented in Table 1.
Mann-Whitney-U-tests indicated a significant difference between the self-reported
IEI-EMF and non-IEI-EMF group in PHQ-15 score, frequency of IEI-EMF related symp‐
toms, and impact of EMF-related symptoms on everyday life. The IEI-EMF group was
characterized by higher values in all cases, and it approached but did not reach the
PHQ-15 cut-off point for medium symptom severity. There was no significant difference
between the two groups with respect to gender ratio and age.
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Table 1
Descriptive Statistics of the Measured Variables (Mean ± Standard Deviation)
Variable
IEI-EMF
(N = 72)
non-IEI-EMF
(N = 401)
Between-group comparison
Statistic p
Age 36.0 ± 13.54 34.86 ± 13.20 M-W U = 13579.50 > .05
Gender ratio (women) 82% 75% χ2 = 1.49 > .05
Somatic symptoms (PHQ-15) 9.17 ± 4.67 7.37 ± 4.47 M-W U = 10916.50 .001
Impact on daily life 0.74 ± 0.69 0.1 ± 0.33 M-W U = 6894.50 < .001
Frequency of symptoms 2.0 ± 1.08 0.4 ± 0.78 M-W U = 4328.50 .001
Note. IEI-EMF = Idiopathic Environmental Intolerance attributed to Electromagnetic Fields; PHQ-15 = Patient
Health Questionnaire; M-W U = Mann-Whitney U.
If we apply another inclusion criterion, i.e., the rare (but already regular) occurrence of
symptoms (Symptoms > 1), altogether 25.37% of the 473 participants (120 individuals) re‐
ported that they had experienced symptoms attributed to electromagnetic field exposure
at least occasionally. Of these 120 individuals, however, only 47.5% (57 individuals) con‐
sidered themselves electrohypersensitive, whereas 63 did not. Both groups’ PHQ-15 score
was below the cut-off point (IEI-EMF: 9.30 ± 4.40; non-IEI-EMF: 8.54 ± 4.84), and showed
no significant difference (Mann-Whitney U = 1586.00, p = .269).
Similarly, considering a minimal impact of the condition on everyday functioning
(Impact > 0), it turns out that 82 individuals of the 473 participants (17.34%) belong to this
category. Interestingly, only 53.7% (44 individuals) diagnosed themselves as IEI-EMF,
while the remaining 38 did not use this label. In both groups, the PHQ-15 score exceeds
the medium cut-off point (IEI-EMF: 10.02 ± 4.65; non-IEI-EMF: 10.13 ± 4.88), but they did
not differ from each other (Mann-Whitney U = 831.50, p = .967).
Taken together, only 44 of the 72 individuals (61.1%) with self-reported IEI-EMF had
symptoms attributed to electromagnetic devices at least rarely and suffered from the con‐
dition at least slightly. Surprisingly, there were 15 individuals (20.8%) who had neither
symptoms nor a negative impact on their everyday functioning but still considered them‐
selves IEI-EMF. In the non-IEI-EMF group, 25 individuals (6.2%) were characterized by
both criteria (for details, see Figure 1). Within those, who reported symptoms and also an
impact on daily life (69 individuals), the IEI-EMF group’s PHQ-15 score was slightly
above the cut-off point (10.02 ± 4.65), while the non-IEI-EMF group scored a bit lower
(9.76 ± 4.94). Still, the difference between the two was not significant (Mann-Whitney
U = 523.00, p = .735). Finally, average PHQ-15 score of the group defined by symptoms
and impact regardless of the IEI-EMF label was close to the threshold of 10 (9.93 ± 4.72).
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Figure 1. The number of individuals (and their percentage of total) in the IEI-EMF and control
group after applying additional inclusion criteria beyond self-reported electrohypersensitivity.
Discussion
Our results demonstrate that the use of one single yes-or-no question as inclusion criteri‐
on for self-reported IEI-EMF is not an acceptable practice. Although the IEI-EMF group
selected by this single question shows a higher average somatization tendency than the
non-IEI-EMF group, this tendency is still under the accepted threshold of medium im‐
pact.
Beyond the widely applied yes-or-no question, the use of at least two additional ques‐
tions appears to be necessary for a more precise definition of the condition and the sam‐
ple. After the use of three inclusion criteria instead of one, only 61% of the individuals of
the original IEI-EMF group remained there. The two additional criteria, i.e., experiencing
symptoms attributed to EMF on a regular basis and symptoms impacting everyday func‐
tioning, are in accordance with the WHO definition of the condition. Moreover, this more
strictly (still rather inclusively) defined group shows a score that indicates a non-negligi‐
ble somatization tendency. This latter finding is in line with the conceptualization of IEI
as a sub-category of functional somatic syndromes (Frick, Rehm, & Eichhammer, 2002).
In fact, self-diagnosis (i.e. the acceptance of the IEI-EMF label) is not part of the WHO
definition thus the use of the yes-or-no question can be questioned. In our sample, 69 in‐
dividuals of the 473 (14.6%) belong to the IEI-EMF group as defined by the symptoms and
impact question. Somatization tendency of this group practically reached the threshold of
medium severity, and applying the IEI-EMF label did not elevate this score substantially.
In other words, using the criteria of symptoms and impact appears to be practically suffi‐
cient as well as in line with the definition of the condition.
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Beyond practical issues, the present findings demonstrate that individuals with self-
diagnosed IEI-EMF does not represent a homogeneous group. It is particularly striking
that 21% of the individuals labelling themselves as IEI-EMF experience neither symptoms
nor any negative impact on their daily life. This finding can be explained by two ap‐
proaches. First, stories about harmful effects of modern technologies are abundant in
mass media and impact not only people’s worrying tendency (Bräscher, Raymaekers, Van
den Bergh, & Witthöft, 2017; Petrie et al., 2001; Witthöft et al., 2018), but also their auto‐
matic self-perception and self-categorization. Second, as in the case of complementary
and alternative medicine (Astin, 1998), philosophical congruence might be a motive for
those characterized by an experiential-intuitive thinking style to accept the IEI-EMF la‐
bel, even in the absence of symptoms.
The most important limitation of the present study is that our sample was not repre‐
sentative of the population, therefore the results are not generalizable. Additionally, the
applied sampling method (online assessment) has well-known limitations. Finally, identi‐
fication of people suffering from IEI-EMF based only self-report questions without any
external criterion or assessment could be equivocal.
In summary, a minimum of two questions appear to be sufficient as inclusion criteria
for IEI-EMF in empirical research. Instead of the widely used yes-or-no question on ac‐
cepting the IEI-EMF label, regular occurence of symptoms attributed to EMF and at least
a slight negative impact on daily life are required.
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